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Abstract
Purpose We sought to investigate the histologic findings
of recipient corneas obtained via deep anterior lamellar
keratoplasty (DALK).
Methods The histology of three recipient corneas
obtained from patients during DALK was investigated. In
all cases, the Descemet membrane was successfully
exposed without any perforation during surgery. The iso-
lated corneal tissue was stained with hematoxylin-eosin
and periodic acid-Schiff. In two cases, the tissues were
examined using a transmission electron microscope.
Results In one cornea obtained via DALK, only the cor-
neal stroma was observed, and the Descemet membrane
was not confirmed. In another case, the recipient cornea
was detached within the Descemet membrane. In the third
cornea, the banded layer membrane was partially
confirmed.
Conclusions These findings suggest that the recipient
corneas separated at different layers during the DALK
procedure. With our surgical technique, the detachment of
the Descemet membrane may occur at a mechanically
weak segment. This separation site may not be between the
Descemet membrane and the corneal stroma.
Keywords Deep anterior lamellar keratoplasty 
Descemet membrane  Endothelial cells  DALK pathology
Introduction
For corneal disorders with preserved endothelial cell
function, deep anterior lamellar keratoplasty (DALK)
offers several advantages over penetrating keratoplasty
(PKP). In DALK, the opaque corneal stroma is excised to
the extent that only the Descemet membrane remains in the
optical zone. DALK has certain advantages over PKP for
many patients who need to retain endothelial function,
because endothelial rejection is not expected and postop-
erative visual acuity is equal to that obtained by PKP.
Moreover, preserved corneas can be used in this procedure
without any difficulty [1–4]. Thus far, DALK has not been
widely used, as the surgical method is more complex than
PKP, requiring substantial skill and a longer time for sur-
gery. Previous reports have described the procedure used to
peel the Descemet membrane from the posterior stroma,
including the air injection [5], layer-to-layer [1], viscodis-
section [6], big-bubble [7, 8], and limbal approach [9]
techniques.
We previously reported a method for detaching the
Descemet membrane through a corneal limbal flap, thereby
facilitating DALK [9]. Our surgical method was developed
using the methods of Sasaki et al. [4] and Melles et al. [10].
This method allows the Descemet membrane to be exposed
quickly, completely, and safely. As with PKP, the cornea is
trephined as a unit, with excision of all the tissue layers.
This technique is also useful for histologic studies of the
removed cornea because the cornea is removed from the
epithelial side to the Descemet membrane side without any
major damage.
The DALK technique involves the detachment of the
Descemet membrane from the corneal limbus, but the site
where the cornea separates has not been elucidated.
We used light microscopy and transmission electron
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microscopy (TEM) to study whether the site of separation
in DALK is within the Descemet membrane or between the
corneal stroma and the Descemet membrane.
Methods
We investigated the histology of three corneas obtained
during DALK. Three corneal specimens were obtained
from three eyes of three patients who underwent DALK at
the Dokkyo Medical University Hospital. The limbal
approach technique was used for all DALK procedures [5].
Two corneal specimens were cut in half. One of the excised
halves was fixed in 2.5 % glutaraldehyde in 0.2 mol/L
phosphate buffer (pH 7.2) at 4 C for 1 h and postfixed in
1 % osmium tetroxide in the same buffer for 1 h at room
temperature. Tissues were dehydrated and embedded in
Epon 812 (TAAB Laboratories, Reading, Berkshire, UK).
Semithin and ultrathin sections were cut with an Ultratome
microtome (LKB, Uppsala, Sweden). Semithin sections
were stained with toluidine blue (Merck Chemicals,
Darmstadt, Germany) and examined by light microscopy
(BX51; Olympus, Tokyo, Japan). Ultrathin sections were
stained with uranyl acetate and lead citrate and examined
by means of a JEM1210 electron microscope (JOEL,
Tokyo, Japan). The other excised halves were stained with
hematoxylin-eosin (HE) and periodic acid-Schiff (PAS).
One of the corneal specimens was not cut in half, but
simply stained with HE and with PAS and examined by
light microscopy. The study was carried out in accordance
with the Declaration of Helsinki, with institutional
approval and complete informed consent from all patients.
Results
Case 1
A 72-year-old woman underwent DALK at our hospital for
treatment of corneal leukoma of syphilitic keratitis
(Fig. 1a). This corneal opacity type was focal and within
the deep layer of the stroma. The detachment of the
Descemet membrane by hydrodelamination occurred
quickly and easily (Fig. 1b). The surgery was performed
without any complications and without perforation of the
Descemet membrane (Fig. 1c). The cornea maintained its
transparency throughout the final examination (Fig. 1d).
This patient’s preoperative visual acuity was 0.09 [nuclear
color (NC)], and the postoperative corrected visual acuity
at the final examination was 0.1 (0.2 x ? 2.0 D), because
of chorioretinal atrophy. The endothelial cell density was
1600 cells/mm2 before the surgery and 1180 cells/mm2 at
one year after the surgery. The removed cornea was stained
with HE and with PAS (Fig. 1e, f) and examined micro-
scopically. The Descemet membrane was not confirmed at
the central portion of the stained cornea with either stain.
However, remnant tissue from the Descemet membrane
was confirmed as part of the hemisected corneal periphery
when examined microscopically with toluidine blue stain-
ing (Fig. 1g). The TEM findings at the same site showed
only a banded layer in the residual Descemet membrane,
indicating that the membrane was detached within the
membrane (Fig. 1h).
Case 2
A 71-year-old woman underwent DALK at our hospital for
treatment of corneal leukoma of syphilitic keratitis
(Fig. 2a). This corneal opacity type was within the super-
ficial stromal layer. In this case, the detachment of the
Descemet membrane by hydrodelamination had occurred
with serious stromal edema (Fig. 2b). The surgery was
performed without any complications and without perfo-
ration of the Descemet membrane (Fig. 2c). The cornea
maintained its transparency throughout the final examina-
tion. Visual acuity was 0.06 (NC) before the surgery and
0.3 (0.9 9 - 3.0 Dcyl - 4.5 D A120) at the final exami-
nation after surgery (Fig. 2d). The endothelial cell density
was 1800 cells/mm2 before surgery and 1424 cells/mm2 at
one year after surgery. The removed cornea was stained
with HE and with PAS, but the Descemet membrane was
not identified with either stain (Fig. 2e, f). In this case, the
cornea was thought to have detached between the Desc-
emet membrane and the deep stromal layers.
Case 3
A 74-year-old woman underwent DALK at our hospital for
treatment of corneal leukoma of unknown cause (Fig. 3a).
This corneal opacity type was more severe and deeper
within the stromal layer. In this case, the detachment of the
Descemet membrane by hydrodelamination occurred more
quickly and easily than in the other 2 cases (Fig. 3b). The
Descemet membrane was not perforated during this surgery
(Fig. 3c). The cornea maintained its transparency
throughout the final examination. The patient’s preopera-
tive visual acuity was 0.02 (NC), and 0.1 (0.7 9 - 2.5
Dcyl - 4.0 D A105) at the final examination after surgery
(Fig. 3d). The preoperative endothelial cell density was not
determined, but the postoperative endothelial cell density
was 1100 cells/mm2 at one year after surgery. The
removed cornea was stained with HE and with PAS. These
findings, indicative of a very thin Descemet membrane,
were observed throughout the periphery on the anterior
chamber side of the cornea (Fig. 3e, f). Transmission
electron microscopy and toluidine blue staining
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demonstrated only a very thin banded layer membrane
(BDm), and no nonbanded layer membrane (NBDm) was
detected throughout the corneal periphery (Fig. 3g, h).
The three procedures were performed successfully with-
out Descemet membrane perforation. However, the recipient
corneas separated at different layers during DALK. In case 2,
the recipient cornea was detached between the Descemet
membrane and the corneal stroma; in case 3, the recipient
cornea was detached within the Descemet membrane; and in
case 1, the BDm was partially confirmed.
Discussion
The DALK procedure is difficult, and various surgical
techniques have been reported [1, 2, 5–10].
In our procedure, the Descemet membrane was detached
in advance, and the recipient cornea was trephined to
provide a full-thickness corneal transplant. This process
facilitated histologic study of the removed cornea. By
investigating the corneas that were removed during sur-
gery, we were able to establish some key findings of our
procedure.
The corneas obtained during DALK were not always
detached between the Descemet membrane and the corneal
stroma. Detachments may occur within the Descemet
membrane or partially between the Descemet membrane
and the corneal stroma.
Using light microscopy and TEM, Hirano et al. [11]
studied the deep stromal buttons from DALK with the
layer-to-layer technique [1]. They reported that the Desc-
emet membrane detachment occurred within the membrane
Fig. 1 Case 1. a The
postoperative corneal
transparency was maintained.
b Detachment of the Descemet
membrane by
hydrodelamination occurred
quickly and easily. The
corrective visual acuity was
0.09, because of leukoma. c The
Descemet membrane was
exposed without perforation.
d The postoperative corrective
visual acuity was 0.2. e–h The
histologic findings of case 1 are
shown. Neither the
hematoxylin-eosin (e) nor the
periodic acid-Schiff (f) stain
demonstrated the Descemet
membrane at the corneal
endothelial side; the bar
indicates 50 lm. The findings
confirmed the Descemet
membrane at a portion of the
corneal endothelial side, in a
sample hemisected for electron
microscopy. g Toluidine blue
staining is shown; the bar
indicates 100 lm. The arrow
shows the persistent Descemet
membrane. h The transmission
electron microscopy findings for
the same site demonstrate only
the banded layer membrane
(BDm), not the nonbanded layer
membrane (NBDm); the bar
indicates 1 lm
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or at the border between the membrane and the deep cor-
neal stroma. Exposure of the smooth surface of the Desc-
emet membrane and removal of the deep stromal tissue
were much easier in patients with a separated Descemet
membrane. Furthermore, they reported that the detachment
occurred at a mechanically weak segment of the Descemet
membrane and that the weak segment differed for each
case. The cases that they reported closely resembled our
two cases that did contain the Descemet membrane in the
corneal specimens. The performance of Descemet
membrane detachment was much easier in cases 1 and 3
than in case 2.
Lim et al. [12] described detachment that occurred
above the level of the Descemet membrane when using the
big-bubble technique. Our DALK technique uses a hy-
drodelamination technique similar to that of Hirano et al.
[11], with detachment of the Descemet membrane occur-
ring at a deeper layer than when using the air technique of
Archila et al. [8]. The differences in surgical procedures
may have caused these different histologic findings.
Fig. 2 Case 2. a The
preoperative visual acuity was
0.06, because of corneal
leukoma. b Detachment of the
Descemet membrane by
hydrodelamination occurred
with stromal edema and was
severe. c The Descemet
membrane was exposed without
perforation. d The postoperative
corneal transparency was
maintained. The postoperative
corrective visual acuity was 0.9.
e, f The histologic findings of
case 2 are shown. Neither the
hematoxylin-eosin (e) nor the
periodic acid-Schiff (f) stain
demonstrates the Descemet
membrane at the corneal
endothelial side; the bar
indicates 50 lm
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In the current study, we investigated elderly patients
with keratoleukoma. However, other reports described
results from patients with different diseases [11, 12]. Lim
et al. [12] reported the histologic characteristics of kera-
toconus patients who had undergone DALK using the big-
bubble technique. They reported that specimens from the
keratoconus did not contain any Descemet membrane.
Previous reports also described a high rate of Descemet
membrane rupture in the keratoconus after acute hydrops
[9]. These occurrences may have been caused by a thin
Descemet membrane. Obata et al. [13] reported that the
damaged Descemet membrane after acute hydrops was the
thinnest. Because the NBDm is composed of endothelial
cells and the Descemet membrane thickness increases with
aging, detachment between the BDm and NBDm may
occur more readily in elderly patients than in younger
patients. Case 1 involved leukoma of syphilitic keratitis.
Scattergood et al. [14] reported that the Descemet mem-
brane underwent thickening after severe syphilitic keratitis.
The Descemet membrane that grew thicker split easily
within the membrane. However, the Descemet membrane
of keratoconus was thin and had a normal structure.
Fig. 3 Case 3. a The
preoperative corrective visual
acuity was 0.02, because of
corneal leukoma. b The
detachment of the Descemet
membrane by
hydrodelamination occurred
quickly and easily. c The
Descemet membrane was
exposed without perforation.
d The postoperative corneal
transparency was maintained.
The postoperative corrective
visual acuity was 0.7. e–h The
histologic findings of case 3 are
shown. Both the hematoxylin-
eosin (e) and the periodic acid-
Schiff (f) stains demonstrate
Descemet membrane-like
structures at the corneal
endothelial side (arrow); the bar
indicates 50 lm. g The findings
from a sample hemisected for
transmission electron
microscopy confirm the
presence of the Descemet
membrane at a portion of the
corneal endothelial side; the bar
indicates 1 lm. h Toluidine
blue staining; the bar indicates
25 lm. The arrow shows the
persistent Descemet membrane.
The findings for the same site
demonstrate only the BDm, not
the NBDm
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Therefore, the differences between our results and those of
Lim et al. [12] may be due to the thicknesses of the
Descemet membranes.
In cases where inflammation extends to the deep corneal
layers, the structure of the Descemet membrane and the
parenchyma is broken. The corneal opacity of case 3 was
more severe than in the other two cases. Case 1 had local
and deep stromal opacity, whereas case 2 had diffuse and
less deep stromal opacity. Furthermore, the final endothe-
lial cell density of case 2 was higher than in the other 2
cases. This suggested that the posterior corneal damage of
case 2 was smaller than those of the other 2 cases. The
dissociated position of the cornea may depend on the
severity and posterior corneal layer damage from the
underlying corneal disease.
These results are important when considering future
indications for DALK and evaluations of its safety. In cases
in which the Descemet membrane possibly adheres to the
corneal parenchyma, such as corneal inflammatory disease
extending to the deep corneal stroma, the membrane must
be very carefully detached. In such cases, due consider-
ation must be given to the choice between PKP and DALK.
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